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1.  INtRODUCTiON 


Rifled  gun  tubes  impart  spin  to  the  projectiles  fired  through  them.  Traditionally,  projectiles 
were  of  such  dimensions  that  high  spin  rates  stabilized  their  flight.  This  allowed  the 
progression  from  ball-shaped  projectiles  to  longer,  ^eeker  projectile  shapes  which  increase 
acNevable  range  artd  accuracy.  The  advent  of  iong-rod  projecb'les  brought  the  necessity  for  a 
(Afferent  type  of  stabilization.  These  projecflies  are  fin  stabilized  and  while  they  still  spin,  they 
must  be  spun  at  much  lower  rates  than  the  .^-p>n-stabil!zed  projectiies.  in  order  to  fire  both 
classes  cf  projectile  from  the  same  gun,  some  mechanism  was  required  to  provide  the  correct 
spin  to  the  respective  projectile. 

An  understanding  of  the  mechanism  for  iiTY)arting  spin  to  a  projectile  leads  toward  a 
method  of  altering  spin  of  the  prpjectiie.  A  spin-stabilized  projectiie  has  a  rotating  band  of 
either  metal  (usually  lead,  cooper,  or  brass)  or  plastic  which  is  securely  att^ed  to  tne 
projectile.  The  lands  of  the  rifling  in  the  gun  tube  engrave  into  the  rotating  band  and  force  the 
projectiie  to  follow  the  path  of  the  rifling  as  it  traverses  the  length  of  the  barrel.  Obturation,  or 
sealing,  is  achieved  by  the  interference  fit  of  the  soft  barxj  with  the  inner  surfaces  cf  the  gun 
tube.  Sometimes  additional  sealing  is  required  and  an  obturator  is  added  to  the  projectiie. 

This  may  be  a  rubber  seal  added  to  the  base  of  the  projectiie.  A  method  used  to  reduce  the 
spin  of  a  projectiie  is  the  slipband  obturator.  The  paradox  of  this  design  te  that  the  element 
which  engages  the  rifling  must  both  seal  :he  combustion  gases  from  escaping  by  or  through 
the  projectiie  while  being  disconnected  enough  not  to  impart  its  full  rotation  to  the  projectile 
body.  Nevertheless,  such  ?,  band  developed  and  sucbessfuliy  implemented  on  the  M735 
fin-stabilized  discarding  sabot  kinetic  energy  (KE)  projectile.  This  slipband,  developed  at  . 
Picatinny  Arsenal,  NJ,  in  the  late  1960s  and  early  i970s,  consists  of  an  inner  sealing  band 
made  of  pol^mpylene  and  an  outer  obturator  made  of  nylon  B/B. 

2.  DEVELO,’’MENT  OF  THE  DESIGN  METHODOLOGY 

In  recent  years,  the  development  of  long-rod  KE  projectiles  created  a  resurgence  of 
interest  Into  the  mechanism  and  design  of  slipband  obturators.  The  U.S.  Army  Ballistic 
Research  Laboratcry  (BRL)  felt  the  importancs  of  understanding  ttie  mechanism  great  enough 
to  warrant  a  moderate  study  effort  into  the  (^enomenoiogy.  Tlirough  prior  interactions  with 


the  Department  cf  Energy’s  (DOE)  Sandia  Natiorial  Laboratory  in  Uvennors.  CA  (SNLL),  BRL 
knew  of  their  irnersst  and  ongoing  work  in  the  .  a  of  obturation  and  torsional  impulse.  A 
Department  of  Army  (DA)/DOE  Memoranda  *  ^  of  Understandin-  (MOU)  was  established  to 
study  the  issue  of  siipband  technology. 

SNLL  had  been  performing  significant  work  both  in  dynamic  response  finite  element 
modelling  of  copper  obturator  bands  and  on  experimenta]  studies  of  the  strain  and  extrusion 
process  of  copper  bands  as  they  made  the  transition  through  the  gun’s  fordng  cone  and  the 
constant  diameter  of  a  smoothbore  gun  tube  (Nieiai.  Perano,  arx^  Mason  1990;  Parano  1988). 
Large  efforts  were  made  to  increase  their  computational  abilities  to  study  a  nylon  obturator 
band.  This  rer^ired  continuation  on  code  work  which  included  two-dimensional  (2D)  rezoning 
capabilities  to  refine  and  redefine  the  finite  element  mesh  due  to  the  large  defonnations 
encountered  by  the  extruded  band  materials.  It  also  required  the  establishment  of  material 
properties  for  the  plastics  which  were  used  in  the  <%lipband  obturator.  Dan  Dawson  cf  SNLL 
studied  the  properties  of  many  plastics  and  combinations  of  plastics  which  may  be  considered 
for  use  in  this  aoplication  (Perano  1988).  He  found  that  the  polypropyiene  ai^d  nylon 
combination  already  in  use  was  one  of  tho  best  of  those  he  studied.  In  addition,  he  studied 
the  use  of  several  different  lubricants  applied  to  the  plastics  and  their  effefct  on  *he  static  and 
dynamic  friction  at  their  interface.  The  siipband  obturator  design  in  current  production 
includes  the  use  of  a  silicon  lubricant 

Many  characteristics  of  polymer  properties  were  studied  by  Kawahara,  Brandon,  and 
Kofellis  (1983)  at  3NlL  They  have  modelled  and  experimentally  studied  the  effects  on 
materials’  mechanical  behavior  of  temperature,  moisture,  and  rates  of  loading. 

Paul  Nietan  of  SNLL  worked  on  the  development  of  a  computer  code  called  BANDSLIP 
which  is  used  to  predict  the  exit  spin  velodty  of  a  projectile  given  the  base  pressure  input  to 
the  projectile,  the  initi’at  geometric  conditions  of  the  obturator  within  the  gun  tube,  and  the 
mechanical  and  thermal  properties  of  the  banu  materia's  (Nielan  and  Benedetti,  to  be 
published).  This  predictive  code  is  based  on  the  following  theory. 


The  band’s  Interference  with  the  pro|ectile  body  end  gun  tube  wall,  due  to  hs  geometry, 
creates  an  Initial  condition  called  band  pressure.  The  material  selection  and  temperature 
define  a  coefficient  of  friction  within  the  band  assembly.  The  combination  of  the  forces  acting 
on  the  interface  of  the  inner  and  outer  bands  and  the  coefficient  of  friction  of  the  interface 
control  the  amount  of  torque  which  may  be  transmittsd  to  the  projectile  body  from  tha  gun 
barrel’s  riHing.  The  code  assumes  tha  inner  band  does  net  rotate  on  the  projectile  body  and 
the  outer  b'^'d  must  fo'low  the  path  of  the  rifling.  There  are  two  surfaces  within  the  band 
configuration  where  torque  may  be  transmitted.  The  radial  surface's  ability  to  transmit  torque 
is  largely  controlled  by  the  band  pressure  which  compresses  the  surfaces  together.  The  base 
pressure  controls  the  force  an  the  front  surface  interface.  A  diagram  of  these  surfaces  is 
shown  in  Figure  1. 
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The  cocie  predicts  the  progres  Uon  for  torque  transmission  of  tho  nyion/pol>propyl3ne 
slipband.  Initially,  band  pressure  and  the  fridion  coefficient  are  great  enough  to  transmit 
sufficient  torque  for  the  prc^ectile  to  rotate  at  the  rate  of  rifling.  Evolving  gas  causes  inc*'sased 
base  pressure  whtoli  accelerates  the  projectile  linearly  and,  therefore,  also  rotationally.  The 
outer  obturator  band  is  assumed  to  seat  against  the  giin  wall.  Gas  infiltrates  between  the 
racial  surfaces  of  the  inner  sealing  band  and  the  outer  band,  with  the  assumption  that  no  gas 
escapes  past  the  front  surface  of  the  obturator  band.  Therefore,  as  ba<e  pressure  increases, 
the  normei  force  on  the  fro;  ^  interface  inaeases  and  the  ncrmal  force  on  the  radial  surfaces 
decreases  from  its  initial  value,  which  was  the  result  of  the  Input  band  pressure.  As  the 
projectile  is  forced  down  the  gun  bore,  the  rifling  forces  the  outer  bai;d  to  rotate  at  the  twist 
rate  of  the  rifling.  For  a  while,  full  torque  is  transmitted  between  the  bands,  but  eventually,  as 
the  base  pressure  increases,  the  radial  surfaces  are  separated  and  ro  torque  is  transmitted 
there. 

If  the  surfaces  cannot  transmit  the  full  torque  imparted  by  the  rifling  to  the  accelerating 
projectile,  slippage  begins.  The  hed  generated  by  the  slippage  of  contact  surteices  incruases 
the  temperature  of  the  interface  until  the  polypropylene  melts.  Polypropylene  has  a  much 
lower  melting  temperature  than  nylon.  If  the  sirrfaces  are  not  in  contact  or  one  of  the  surfaces 
has  melted,  the  ability  of  that  interface  to  transmit  torque  is  assumed  to  cease.  At  the  time 
when  torque  can  no  longer  be  transmitted,  the  projectile  continues  to  accelerate  linearly  down 
the  gun  tube  but  has  reached  its  terminal  rotational  velocity. 

This  theory  matches  up  generally  wall  with  evidence  from  actual  gun  firings.  Slipband 
obturator  components  found  after  sabot  discard  reveal  that  the  Inner  surface  of  the  outer  band 
often  is  In  an  as-machined  condition  (McCall  and  Bums  1988).  All  that  typically  remains  of 
the  front  surface  of  the  inner  band  is  a  small  nub.  The  outer,  or  obturator,  band  is  often  ' 
forwardly  and  rearwardly  extruded.  This  con  ites  with  SNLL’s  other  findings  on  obturators 
both  analytically  and  experimentally.  The  predicted  trend  that  rounds  fi.'ed  at  120“  F  should 
reach  lower  spin  rates  than  those  fi.  xl  at  70“  F,  which  should  be  lower  than  those  ;^red  at 
-20“  F,  has  not  been  seen  to  hold  true.  Experiments  have  resulted  In  projectiles  which  have 
had  higher  and  lower  spin  rates  at  both  elevated  and  decreased  ten^rateres  as  compared  to 
spin  at  "standard”  temperatures.  The  code'$  predictions  are  based  on  the  time  necessary  for 
the  heat  generation  to  raise  the  n*  '‘*ials  from  their  Initial  temperature  to  i  leir  melt 
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tomperatures.  It  does  not  account  for  different  band*pressure  values  due  to  the  thermal 
expansion  of  the  materials  in  the  band,  gun,  or  the  projectile.  The  geometric  differences  in 
the  size  of  the  components  could  be  inputted,  but  this  does  not  automatically  affect  the  value 
of  the  band  pressure. 

In  fact,  two  unknown  inputs  into  the  predi  lion  are  band  pressure  and  the  coefficient  of 
friction.  Reasonable  values  have  been  established  as  Inputs,  but  they  are  based  on  empirical 
understanding  of  the  system.  The  code  has  the  ability  to  generate  families  of  values  of  both 
band  pressure  and  coeffident  of  friction,  which  will  result  in  predicted  values  of  exit  spin  rate. 
An  example  of  this  is  shown  In  Figure  2.  Knowledge  of  any  two  of  these  parameters  will  allow 
determination  of  the  third. 


e.2s 
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The  theory  is.  however,  quite  believabie  and  helpfui  in  making  design  considerations  for 
siipband  obturators.  The  seiection  of  materi^s  can  be  used  to  alter  ^e  coefficient  of  friction, 
which  controls  the  initial  condition  of  spin  up,  and  the  melting  temperature,  which  will  control 
the  fmai  spin  rate  if  slippage  occurs.  Geometric  considerations  in  the  design  affect  the  initial 
band  pressure  and  the  interval  of  time  for  the  base  pressure  to  reduce  the  band  pressure’s 
component  in  torque  transmission.  The  geometry  also  controls  the  rate  at  which  the  loading 
on  the  front  surface  will  generate  heat  and  causa  melt  to  occur. 

BRL  has  and  is  performing  a  series  of  gun  firing  tests  which  are  designed  to  study  the 
siipband  pbturator  (Burton.  Kaste.  and  Stobie  1.^9).  A  useful  tool  developed  is  a  37-mm 
rifled  gun  tube,  which  was  machined  down  to  a  1/4-in.  wall  thickness  over  the  region  of 
projedtile  travel  and  then  overwrapped  with  graphite/epoxy  to  provide  stmcturai  support.  This 
allows  the  projectile  to  be  observed  through  the  bore  using  450-keV  flash  x-rays,  which  are 
available  in  one  of  BRL's  indoor  ranges.  This  technique  was  used  to  determine  the  in-bore 
rotation  of  the  projectile  as  it  traverses  the  tube.  Copper  rotating  barxJs  were  shown  to  rotate 
at  the  rate  of  the  rifling,  and  a  siipband  design  based  on  the  band  used  on  M735  projectile 
was  shown  to  limit  the  rate  of  rotation  of  the  projectile  body  to  about  10%  of  that  of  the  rifling 
as  seen  in  Figure  3.  The  phenomenon  of  onset  of  a  greatly  reduced  rate  of  projectile  rotation 
relative  to  the  rate  of  rifling  at  a  short  distance  of  projectile  travel  predicted  by  the  code  was 
observed  in  these  experiments. 

3.  DESIGN  VERIFICATION  THROUGH  EXPERIMENTS 

The  U.S.  Army  Armament  Research,  Development,  end  Engineering  Center  (ARDEC) 
designed  a  series  of  lests  using  105-mm  slugs,  which  was  performed  by  tho  U.S,  Army 
Corhbat  Systems  Test  Activity  (CSTA)  at  Aberdeen  Proving  Ground,  MD,  to  study  various 
siipband  configurations.  Unfortunately,  sparse  resources  limited  the  extent  and  perhaps 
usefulness  of  this  testing.  The  various  designs  considered  are  shown  in  F^ure  4.  The 
rationale  behind  the  various  designs  and  modifications  are  as  follows. 

A.  ‘MSSS”  band  •  "J  band*  also  used  on  the  M735  projectile  used  as  a  baseline  indicator. 
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B.  ‘STANDARD’  band  -  Band  currently  in  use.  it  has  twice  as  much  material  on  the  front 
lip  of  the  inner  band  than  the  *M833.”  This  is  to  ensure  that  poiypropyiene  is  not  consumed 
before  muzzle  exit  This  has  not  been  verified.  This  band  was  used  as  a  baseline  indicator. 

C.  "PETROLEUM  GREASE"  band  -  "STANDARD"  band  but  substituted  petroleum  grease 
for  the  silicon  lubricant  currently  used.  Laboratory  investigations  showed  this  grease  may 
reduce  the  static  friction  coefficient  of  this  system.  Its  use  was  to  see  if  this  lowered 
coefficient  of  friction  would  lower  the  threshold  of  slippage  during  the  early  phase  of  motion 
before  base  pressure  creates  a  clearance  between  the  band  components. 

D.  "CiRCUMFERENTIAL  GROOVES"  band  •  "STANDARD"  band  with  circumferential 
grooves  cut  into  the  underside  of  the  obturator  band  to  promote  the  "air  bearing  effecT  of  the 
gases  between  the  band  components. 

E.  "CANNELURE  GROOVES"  band  •  "STANDARD"  band  with  cannelure  grooves  cut  into 
outer  surface  of  the  obturator  barxf  to  reduce  band  pressure  by  changing  the  initial  contact 
positions  of  the  band  wiLh  the  gun  tube  wall  and  by  creating  stress  relief  for  compressed 
obturator. 

F.  "OVERHANGING  OBTURATOR"  band  -  Forward  surface  of  the  inner  band  is  standard 
thickness,  but  reduced  in  height  Obturator  is  cut  back  in  front  to  overhang  the  inner  band: 
This  is  to  entrap  the  molten  layer  of  polypropy^e  as  it  is  formed,  creating  a  more  effective 
bearing  and  extending  the  life  of  the  moKen  poiypropyiene  bearing. 

G.  "OVERHANGING  SABOT  band  •  Creates  an  entrapment  system  for  the  molten  layer 
as  in  the  previous  band  but  mairitains  the  originai  amount  of  material  of  the  "STANDARD" 
obturator  band,  although  not  as  effective  in  preserving  the  molten  lays'  ?s  it  is  first  generated. 

H.  TIGHT  STANDARD"  bar)d  -  Same  band  as  "STANDARD"  but  processing  of  the 
installment  is  adjusted  to  create  a  tighter  fit  after  installment 
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I.  "OVERHANGING  OBTURATOR  WITH  PETROLEUM  GREASP  band  -  Investigated  to 
determine  effect  of  the  different  lubricant  on  the  "OVERHANGING  OBTURATOR"  which 
showed  to  be  effective. 

J.  "LARGER  ID”  band  -  Material  was  removed  from  the  inner  diameter  of  the 
"STANDARD"  obturator  to  reduce  band  pressure  by  reducing  the  interference  of  the  band 
between  the  gun  tube  wall  and  projectile  body. 

K.  ‘"SANDIA'"  band  -  Based  on  a  design  by  SNLL  which  w^  intended  to  more  freely 
allow  gases  to  infiltrate  between  the  band  components  while  maintaining  the  proper  location  of 
the  obturator.  Sixteen  grooves  were  to  be  cut  into  the  obturator  surfaces.  Radial  grooves  in 
the  rear  surface  were  .0S-.06  in.  deep  with  a  radius  of  about  .03  in.  Longitudinal  grooves  in 
the  inner  surface  were  .04-.05  in.  deep  wifri  a  radius  of  about  .03  in.  However,  the  original 
design  broke  during  installation.  The  longitudinal  slots  on  the  inside  radial  surface  of  the 
obturator  were  eliminated  and  the  resulting  band  was  used.  The  operational  intent  of  the 
design  is  to  quickly  reduce  band  pressure  and  initiate  slippage. 

L  "O-RING"  band  •  Not  originally  designed  to  reduce  spin,  this  band  was  included  as  a 
form  of  the  "CANNELURE  GROOVE"  concept  with  added  obturation  during  initial 
pressurization  provided  by  the  O-ring. 

M.  "NOTCHED  SEALING  BAND"  band  •  Uses  the  shown  effectiveness  of  the  reduced 
front  surface  contact  in  the  overhanging  concepts.  This  design  was  conceived  to  exploit  the 
reduced  area  and  increase  the  slipping  velocity  by  Increasing  the  radius  of  the  cohta^  area. 
The  design  should  also  pro\^de  entrapment  of  the  molten  layer. 

N.  "REDUCED  OD*  barxf  -  The  reduced  outer  diameter  of  the  obturator  was  Intended  to 
reduce  the  interference  with  the  gun  wall  and  projectile. 

O.  "520T  cannelure  groove  band  •  A  band  design  from  Charnberlain  Corp.  which  had 
shown  to  be  effective  in  prior  testing  was  evaluated.  Reduced  band  pressure  by  allowing 
space  for  material  flow,  but  improved  obturation  design  over  the  "CANNELURE  GROOVES* 
warranted  its  inclusion. 


P.  "SANDIA  MOO”  band  •  A  band  based  more  dosely  to  SNLLs  original  concept  was 
tested.  Twelve  longitudinal  and  radial  grooves  were  used  with  radii  of  .100  in.  cut 
.01  S-.020  in.  deep  into  both  surfaces. 

Designs  A  through  G  were  tested  in  the  first  test  series.  Designs  B,  F,  and  H  through  M 
were  tested  in  the  second  series.  Designs  A.  B.  and  N  through  P  were  tested  in  part  three  of 
the  testirig.  Lack  of  resources  preduded  the  reevaluafion  of  design  G  which  required 
modification  to  sabot  Sample  sizes  were  groups  of  five  in  the  first  two  test  series  and  groups 
of  three  in  the  third  of  the  series. 

4.  RESULTS  OF  EXPERIMENTS 

Using  one-way  analysis  of  variance  reveals  the  following  from  this  data.  The  velodty 
means  for  slugs  with  band  design  A  fired  in  tests  1  and  3  are  different  However,  the 
velocities  determined  for  band  design  B  are  considered  to  be  equivalent  in  all  three  tests. 
Likewise,  the  velodties  determined  for  band  F  are  equivalent  in  tests  1  and  2.  Designs  with 
veiodties  less  than  the  standard  band  (6)  are  E,  J,  K,  M,  N,  0,  and  P. 

The  chamber  pressure  means  for  barKj  design  A  were  also  determined  to  be  different 
between  tests  1  and  3.  The  difference  correlates  with  the  difference  found  in  velocity.  Once 
again,  means  for  band  designs  B  and  F  were  r  stennined  to  be  equivalent  in  their  respective 
tests.  Chamber  pressures  that  can  be  considered  less  than  standard  (B)  are  J,  K,  and  O. 

Band  designs  A,  B,  and  F  ail  were  found  to  have  equivalent  spin  values  between  their 
respective  test  groups.  Spins  that  were  found  to  be  higher  than  the  standard  band  (B)  were 
designs  A  and  N. 


5.  DISCUSSION  OF  RESULTS 

Using  the  one-way  analysis  of  variance,  ii  is  difficult  to  determine  the  differences  in 
variability  between  band  designs.  All  valuej  determined  for  band  designs  B  and  F  were  found 
to  be  equivalent  statistically.  Likewise,  spin  values  for  design  A  were  found  to  be  equivalent 
between  tests  1  and  3.  However,  the  scatter  in  data  produces  large  standard  deviations  when 
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combining  data  from  the  different  tests.  Pooling  ttie  data  between  tests  results  in  apparent 
improvement  in  variability  for  all  designs  as  compared  with  design  B,  which  was  evaluated  in 
ail  three  tests.  Clearly,  this  is  an  ^ract  of  the  small  populations  and  the  occasion  to 
occasion  variability  of  the  data  available.  Unfortunately,  this  forces  more  subjective 
evaluations  from  thp  available  data.  Pressure  and  velocity  results  are  indications  of  a  band 
design's  obturation  performance.  They  may.  however,  be  indicators  of  resistance  to 
engagement  with  the  rifling  and  compression  through  the  forcing  cone  of  the  gun.  Data 
collected  in  the  tests  include  high-speed  photography  of  a  view  tooking  into  the  bore  of  the 
gun.  These  records  provide  information  on  the  obturation  on  the  projectiie.  Many  of  the  tend 
designs  which  yielded  lower  pressures  and  velocities  were  not  shown  to  have  provided  poor 
obturation  as  evidenced  by  photography  of  little  or  no  flashes  of  fight  while  the  projectiles  were 
in-bore.  The  projectiles  could  not  be  recovered,  so  physical  data  on  obturator  leakage  and 
wear  were  lost.  The  photographic  evidence  infers  the  conclusion  that  the  in-bore  resistance  to 
travel  was  reduced.  In  future  testing,  propellant  charges  for  projectiles  using  these  bands 
should  be  adjusted  to  determine  spin  rates  at  equivalent  velocity  and  chamber  pressure. 

The  one-way  analysis  of  variance  test  reveals  that  only  designs  A  and  N  result  in  an 
increase  in  spin  as  compared  to  design  B.  The  spin  produced  by  design  A  could  be  expected 
to  be  greater  than  standard  (B)  from  the  theory  explained  previously.  The  increase  in  spin 
due  to  design  N  is  not  so  easily  explained.  On  the  surface,  one  might  expect  design  N  to 
behave  like  design  J.  Both  result  in  a  thinner  obturator  tend  which  should  reduce  band 
pressure  and  ease  the  infiltration  of  combustion  gases;  however,  the  overall  results  are 
different.  Velocities  are  lower  for  both  than  standard,  but  only  teuxf  J  has  lower  chamber 
pressure  (and,  thereby,  presumedly  lower  base  pressure).  Design  J  has  equivalent  spin  as 
standard,  but  design  N  has  greater  spin,  kiowever,  it  might  be  noted  that  design  J  does  have 
greater  spin  than  design  B  in  the  test  in  which  both  were  actually  fired  and  the  spin  for  N  is 
borderline  equivalent  to  design  B  in  the  overall  comparison.  The  pressure  for  design  N  is 
marginally  equivalent  to  that  of  design  B,  shading  towards  being  lower  thaii  B. 

To  conclude  that  desig.ns  J  and  N  may  bo,  in  fact,  equivalent  in  having  provided  reduced 
velocities  and  pressures  with  greater  spin  than  the  standard  band  requires  a  rational 
explanation  to  avoid  conflict  with  the  assumed  operating  theory.  One  explanation  which  can 
be  made  is  that  the  reduced  chamber  pressure  and  projectile  velocity  were  caused  by 


combustion  gases  flowing  over  the  obturator.  Reduced  base  pressure  and  pressurization  from 
above  would  allow  the  band  pressure  to  remain  high,  transmitting  more  torque  to  the  projectile 
and  increasing  spin  rate.  If  reduced  chamber  pressure  and  velocity  were  caused  by  reduction 
of  in-bore  resistance  to  travel  and  obturation  was  maintained,  the  spin  rate  would  be  expected 
to  be  equivalent  or  lower  than  that  of  a  standard  banded  projectile.  It  could  be  possible  that 
obturation  is  occurring  in  an  unconventional  fashion.  Gas  leakage  over  the  top  of  the 
obturator  during  the  initiation  of  pressurization  could  force  the  obturator  down,  creating  a  seal 
with  the  inner  or  sealing  band  Later,  when  the  obturator  has  travelled  completely  through  the 
forcing  cone,  it  could  obturate  properly  against  the  gun  wall.  Exclusion  of  combustion  gas 
from  between  the  bands  would  prevent  the  decrease  in  the  nc.mal  force  in  the  radial  contact 
region,  thereby,  increasing  the  spin  rate. 

Figures  5  through  7  present  the  data  from  the  three  tests.  The  error  bands  for  each 
design  are  plotted  between  the  mean  ±1/2  (standard  deviation).  The  complete  data  sets  from 
each  of  the  three  tests  are  shown.  The  one-way  analysis  of  variance  includes  these  data  and 
uses  a  pooled  standard  deviation  and  the  nun^r  in  the  sample  population  to  reflect  upon  the 
independence  between  data  sets.  Ushig  th!s  analysis,  the  spin  behavior  of  design  B  is 
considered  equivalent  in  all  three  tests. 

Several  results  of  modifying  the  standard  obturator  can  be  seen  at  least  qualitatively.  It 
appears  as  though  the  strength  of  the  obturator  or  the  support  provided  to  the  obturator  is  at  a 
critical  value.  In  all  cases  where  material  has  been  removed  and  left  a  region  unsupported 
(designs  0,  E,  K.  M,  and  P),  a  reduction  in  velocity  occurred.  Design  F,  which  has  material 
removed  but  provides  support  to  this  region,  does  not  show  this  reduction.  Design  L,  where 
material  is  removed  but  is  somewhat  supported  by  the  addition  of  the  0-ring,  shows  nome 
reduction  in  velocity  but  not  td  the  sanie  degree  as  the  other  designs.  Even  designs  K  and  P 
where  one  would  not  expect  a  significant  reduction  of  support  in.  the  obturator,  show  reduced 
velocity.  While  design  O  also  shows  reduced  velocity  (and  it  has  unsupported  regions),  its 
design  is  not  as  closely  based  on  the  standard  design  as  the  others. 

Additionally,  one  can  make  an  observation  from  design  C,  "petroleum  gtedse.'  Pin  on  <tisk 
experiments  at  SNLL  (Perano  1988)  predicted  that  this  grease  should  decrease  the  coefficient 
of  friction  and  reduce  spin  rate.  What  was  observed  was  a  large  scatter  of  spin  rates  whidt 
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Figures.  The  Effect  of  Band  Design  on  Spin. 
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included  some  cases  of  i^uction.  In  this  application,  one  with  small  clearances  and  a  highly 
loaded  bearing  interface  which  operates  only  for  a  very  short  duratcn,  lubrication  by  the 
application  of  a  hydrodynamic  film  might  be  suspect  Substances  such  as  greases  and  oils 
generally  require  some  run-in  time  to  create  the  hvdrodynamic  films  through  which  they 
provide  lubrication  and  reduce  friction.  These  conditions  of  operation,  where  the  inner  band 
rotates  less  than  two  revolutions  relative  to  the  outer  band  over  a  time  period  of  less  than 
10  ms.  are  not  conducive  to  this.  The  variation  in  the  ability  for  this  film  to  form  may  be 
evident  in  the  variation  in  spin  rate  observed  for  this  c>eslgn. 

Variation  in  performance,  including  spin  rate,  is  often  considered  an  important  feature  of  a 
slipband's  design.  Naturally,  small  variation  in  performance  is  desirable,  but  not  ^ays  easily 
achievable. 

The  results  from  the  designs  tested  all  provide  agreement  to  the  basic  theory  of  spin 
generation  of  BANDSLIP.  Reducing  the  torque-carryfng  ability  pf  the  band  system  through 
alteration  of  the  coefficient  of  friction  or  reduction  of  band  pressure  reduces  the  rate  of  spin  of 
the  projectile  as  it  exits  the  gun.  Analysis  of  the  data  from  these  testa  has  led  to  a  better 
understanding  of  the  operation  of  the  sl'pband  obturator  arid  towards  another  generation  of 
design. 

Features  which  are  important  to  a  slipband  obturator  system  are  as  follows: 

I.  Low  static  and  dynamic  coefficients  of  friction  at  foe  slipping  surfaces.  This  is  a  factor 
of  foe  materials  chosen,  surface  and  geometric  effects  at  foe  interface,  and  lubricant,  if 
employed. 

il.  If  a  lubricant  is  used,  it  must  be  able  to  reduce  friction  from  a  static  situatfor*  without 
much  time  or  motion  for  foe  generation  of  a  hydrodynamic  film. 

III.  The  ability  to  limit  torque  transmissivity  ^  reduction  of  foe  normal  force  between 
slipping  surfaces  or  reduction  in  coefficient  of  friction  (shear-load  transmission).  This  dass  of 
design  provides  these  features  through  gas  infiltration  between  the  band  components  and 
through  (foe  component  of  foe  slipping  interface  becoming  molten.  \ 


IV.  If  a  material  is  to  be  sacrificial,  there  must  be  enough  material  or  a  mechanism  to 
ensure  this  material  survives  throughout  the  entire  travel  through  the  gun  tube. 

V.  The  obturator  must  have  sufficient  strength  and  be  of  proper  design  to  provide  good 
obturation  against  the  gun  wall  throughout  the  ballistic  cycle  without  increasing  the  normal 
force  between  projectile  and  the  obturator  or  preventing  other  mechanisms  »rom  reducing  the 
norm^  force. 

VI.  The  area  of  the  bearing  surface  is  important  as  a  control  of  time  to  melt  and  volume  of 
material  available  tor  consumption  given  a  fixed  length  of  obturator.  It  also  influences  the 
band's  ability  to  obturate. 

6.  CONCLUSION 

The  current  version  of  BANDSLIP  is  not  refined  enough  to  predict  the  effect  of  small 
details  in  an  obturator  design  on  the  projectile’s  spin  rate.  In  order  to  use  purely  analytical 
methods  to  create  obturator  designs  which  provide  optimum  ballisfic  performance  incLc  ng 
spin,  more  complex  models  are  necessary.  The  model  would  have  to  be  able  to  calculate 
band  pressure  as  a  function  of  geometrical  interference  and  loading  due  to  changing  geometry 
as  the  obturator  passes  through  the  forcing  cone  and  base  pressure  rise,  rather  than  the 
empirical  Input  currently  used.  It  would  have  to  detennine  which  interfaces  act  as  seals  and 
which  do  not  as  a  function  of  time  and  travel.  In  a  more  complete  model,  band  pressure 
would  be  treated  as  a  gradient  rather  than  the  average  value  as  currently  implemented.  A 
more  complete  modelling  of  temperature  effects  would  also  be  needed  to  account  for  thermal 
expansion.  These  factors  might  simply  be  accounted  for  and  incorporated  into  the  geometry 
and  material  property  inputs  to  the  code.  The  effect  of  loading  rate  and  humidity  on  the 
material  oroperties  would  also  need  to  be  incorporated.  The  cbility  to  calculate  the 
consumption  of  the  molte*  material  and  formation  of  a  new  friction  surface  would  make  for  a 
more  complete  model.  Inclusion  of  all  these  factors  could  provide  not  only  an  extremely 
useful  technique  for  analytical  obturator  design  but  atso  a  method  to  find  causes  for  round  to 
round  variability  within  a  design.  Deveiopment  of  such  a  tool  is  not  an  impossible  task,  but 
one  that  has  yet  td  be  achieved. 


18 


7.  REFERENCES 


Burton,  L  W.,  R.  P.  Kaste,  and  I.  C.  Stobie.  *A  Technique  for  Measurement  cf  In-Bore 
Projectile  Spin."  BRL-Tfi-3037,  U.S.  Army  Ballistic  Research  Laboratory,  Aberdeen 
Provinq  Ground,  MO,  September  1989. 

Kawahara,  W.  A.,  S.  L  Brandon,  and  J.  S.  Korellis.  Temperature.  Moisture,  and  Strain  Rate 
Effects  on  the  Compressive  Mechanicai  Behavior  of  Nylon  6/6.”  SAN088-.  Sandia 
National  Laboratories.  Livermore.  CA.  January  1988. 

McCall.  C.  0.,  and  B.  P.  Bums.  'Investigation  of  M735  KE  Projectile  Slip  Obturator  Behavior.' 
BRL-MR-3716.  U.S.  Army  Ballistic  Research  Laboratory.  Aberdeen  Proving  Ground,  MD, 
December  1988. 

Nielan,  p.  E.,  and  G.  A.  Benedetti.  'Spin  Rate  Prediction  for  Projectiles  With  Slipping 
Obturators.  Indudlng  the  Effects  of  Friction  Heating.'  Sandia  National  Laboratories, 
Livernwre.  CA.  to  be  published. 

Nielan,  P.  E.,  K.  J.  Peranc,  arxJ  W.  E.  Mason.  'A^T iPASTO  -  An  Interactive  Mesh  Generator 
and  Preprocessor  for  T^ro-Dimensionai  Analysis  Programs.'  SAN090-8203.  Sandia 
National  Laboratories.  Livermore,  CA.  April  1990. 

Perano,  K.  J.  Minutes  of  the  DA/DOE  Procrsm  Review  Meeting.  25  February  1988. 


Intentionally  left  blank. 


No.  of 

Copies  Ofoanizatton 


No.  of 

Copies  Organization 


2  Administrator 

Defense  Technical  Info  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria.  VA  22304-6145 


1  Commarxler 

U.S.  Army  Materiel  Command 
ATTN:  AMCDRA-ST 
5001  Eisenhower  Avenue 
Alexandria.  VA  22333-0001 

1  Convnander 

U.S.  Army  Materiel  Command 
ATTN:  AMCAM 
5001  Eisenhower  Avenue 
Alexandria.  VA  22333-0001 


1  Commander 

U.S.  Army  Laboratory  Command 
ATTN:  AMSLC-DL 
2800  Powder  MS  Road 
Adeiphi.  MD  20783-1145 

2  Commander 

U.S.  Army  Armament  Research, 
Deveiopmere,  and  Engineering  Center 
ATTN:  SMCAR-IMI-I 
Picatinny  Arsenal.  NJ  07806-5000 

2  Comrnander 

U.S.  Army  Armament  R^arch, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-TDC 
Picatinny  Arsenal,  NJ  07806-5000 


1  Director 

Benet  Weapons  Laboratory 
U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-CCB-TL 
Watervliet.  NY  12189-4050 

(UiKiw  "wm  Commander 

U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  AMSMC-IMF-L 
Rock  Island.  IL  61299-5000 


1  Convnander 

U.S.  Army  Missile  Command 
ATTN:  AMSMI-RD-OS-R  (DOC) 
Redstone  ArsenaL  AL  35893-5010 

1  Commander 

U.S.  Army  Tank- Automotive  Conimand 
ATTN:  ASQNC-TAC-Drr  (Technical 
Information  Center) 

Warren.  Ml  48397-5000 


1  Director 

U.S.  Army  TRADOC  Analysis  Command 
ATTN:  ATRC-WSR 

White  Sands  Missile  Range,  NM  88002-5502 


1  CommarrdarS 

U.S.  Army  Field  Artilery  School 
ATTN:  ATSF-CSI 
FLSa,  OK  73503-5000 

fo^w^l  Commandare 

U.S.  Army  Iniantry  School 
ATTN:  A  :SH-CD  (Security  Mgr.) 
Fort  Banning.  GA  31905-5660 

wy)i  Commandant 

U.S.  Army  Infantry  School 
ATTN:  ATSH-CD^OOR 
Fort  Banning,  GA  31905-5660 


1  Air  Force  Armament  Laboratory 
ATTN:  WUMNOI 

Eglin  AFB,  FL  32542-5000 

Aberdeen  ProvinQ  Ground 

2  Dir,  USAMSAA 
ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 

1  Cdr,  USATECOM 
ATTN:  AMSTE-TC 

3  Cdr.  CRDEC,  AMCCOM 
ATTN:  SMCCR-RSP-A 

SMCCR-MU 

SMCCR-MSi 


1  Director 

U.S.  Army  Aviation  Research 
and  Technology  Activity 
ATTN:  SAVRT-R  (Ubrary) 
VS  219-3 

Ames  Research  Center 
Moffett  Field,  CA  94035-1000 


1  Dir,  VLAMO 

ATTN:  AMSLC-VL-D 

10  Dir,  BRL 

ATTN:  SLCBR-DD-T 


No.  of 


2  Commander 

U.S.  Army  Laboratory  Command 
ATTN;  AMSLC-TD.  R.  Vitali 
Adeiphi.  MO  20783-1145 

1  Commander 

U.S.  Army  Missile  Corrvnand 
ATTN:  AMSMI-RO,  W.  McCorWe 
Redstone  Arsenal,  AL  35898-5010 

2  Commander 

U.S.  Army  Laboratory  Command 
Marry  Diamond  Laboratory 
ATTN:  SLCHD-TS-NT,  A.  Frydman 
2800  Powder  MiU  Road 
Adeiphi,  MO  20783-1197 

7  Director 

Benet  Weapons  Laboratory 
U.S.  Army  Aimamera  Res^rch, 
OeveloprT^erTt,  and  Engineering  Center 
ATTN:  SMCAR-CCB, 

J.  Keane 
T.  Allen 
J.  Vasilakis 
J.  Zweig 
L  Johnson 

R.  Hasenbein 
T.  Simkins 

Watervttet,  NY  12189-5000 

1  Comrrwnder 

Watervliet  Arsenal 

ATTN:  SMCWV-QA-OS,  K.  Insco 

Watervliet.  NY  12189-4050 

1  Commander  , 

Production  Base  Mod.  Agency 
U.S.  Army  Armament  Research, 

Development,  and  Engineering  Center 
ATTN:  AMSMC-PBM-K 
Picatinny  Arsenal,  NJ  07808-5000 

2  Director 

Materials  Technology  Laboratory 
ATTN:  SLCMT-MEC 
B.  Halpin 
T.  Chou 

Watertown,  MA  02172-0001 


No.  of 


12  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN;  SMCAR-TD. 

M.  Linder 
T.  Davidson 
SMCAR-CCH-T. 

S.  Musalii 
P.  Christian 
K.  Fehsal 

SMCAR-CCH-V,  E.  Fennell 
SMCAR-CCH,  J.  DeLorenzo 
SMCAR-CC, 

R.  Price 
J.  Hedderich 
SMCAR-FSA-M, 

R.  Botticeili 
F.  Diorio 

SMCAR-FSA,  C.  Spinelli 
Picatinny  Arsenal,  NJ  07806-5000 

3  Project  Manager 

Tank  Main  Annament  Systems 
ATTN:  SFAE-AR-TMA.  COL  Hartline 
SFAE-AR-TMA-MD.  C.  Kimker 
SFAE-AR-TMA'ME.  K.  Russell 
Picatinny  Arsenal,  NJ  07806-5000 

3  Director 

Lawrence  Livermore  National  Laboratory 
ATTN:  R.  Christensen 
W. Feng 

S.  deTeresa 
P.O.  Box  808 
Livermore,  CA  94550 

2  Pacific  Northwest  Lab 

A  Division  of  Battelie  Memorial  Inst. 
ATTN:  M.  Smith 
M.  Gamich 
P.O,  Box  999 
Richland.  WA  99352 

2  PEO-Armaments 

ATTN:  SFAE-AR-PM  . 

D.  Adams 

T.  McWilliams 

Picatinny  Arsenal.  NJ  07806-5000 
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No.  of 

CocHes  Ofoanizatbn 
6  Diiector 

Sandia  National  Laboratory 
AppOed  Mechanics  OeparOnent, 
Division-8241 
ATTN:  C.  Robinson 
G.  Benedetti 
K.  Perano 
W.  Kawahara 
D.  Dawson 
P.  Nieian 
P.O.  969 

Uverrhora.  CA  94550-0096 

1  Director 

Los  Alamos  National  Laboratory 
WX-4  Division 

ATTN;  D.  Rabem,  Mai  Stop  G-787 

P.O.  Box  1663 

Los  Alamos,  NM  87545 

2  OIn  Corporation 
Finchbaugh  Division 
ATTN;  E.  Steiner 

B.  Stewart 
P.O.  Box  127 
Red  Lion.  PA  17358 

1  OUn  Corporation 
ATTN:  L  Whitmore 
10101  9th  Street  North 
St.  Peterabuig,  FL  33702 

3  Aiiiani  Techsystems,  Ina 
ATTN:  C.  Carxtiand 

J.  Bode 

K.  Ward 

5640  Smetana  Drive 
Minnetonka,  MN  55343 

2  Chamberlain  Manufacturing  Corp. 
Waterloo  FadOty 

ATTN:  T.  Lyrich 
550  Esther  Street 
P.O.  Box  2335 
Waterloo,  lA  50704 


No.  of 

Copies  Oroanization 

2  institute  for  Advanced  Technology 
ATTN:  T.  Kiehne 
H.  Fair 

4030-2  W.  Braker  Lane 
Austin,  TX  78759 


iNTENTTONAaV  LEFT  BLANK. 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  laboratory  undertahes  a  cor^nuing  effort  to  improve  the  quality  of  the  reports  n 
publishes.  Your  corpmertts/answers  below  will  aid  us  to  our  efforts. 

1.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of 
interest  for  which  the  report  will  be  used.)  _ _ ^ _ 


Z  How.  spedficalty.  is  the  report  being  used?  (Information  source,  design  data,  procedure, 
source  of  ideas,  etc.)  _ ^ _ 


3.  Has  the  information  in  this  report  led  to  any  quantitalive  savtogs  as  far  as  man-hours  or 
dollars  saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please 
elaborate.  _ ^ ^ _ '  _ 


4.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports? 
(indicate  changes  to  organization,  technical  content  format  etc.)  _ _ 


BRL  Report  Number _  bil-ik-3297  Division  Symbol 

Check  here  if  desire  to  be  removed  from  distrtoution  list  ... _ 

Check  here  tor  address  change.  _ ' 

Cu  mt  address:  Organization  _ ■ 

Address  _ ^ _ 


DKPAirrMCNT  or  Ttw  Army 

DIractor 

U^Army  B«li«lic  RMMKh  Ubomory 
ATTN:  SLCBR-DD-T 

AbardMo  Proving  Greund,  MO  21005-50M 


omaM  BUSINESS 


BUSINESS  REPLY  MAIL 

HBTaJiaWMrWiMD1.IW.IB 

Pooiag*  wM  bopaM  toy  adWtaiM. 


Director 

U.S.  Army  Ballistic  Research  Laboratory  ' 
ATTN:  SLCBR-DD-T 

^rdeen  Proving  Ground,  MD  21005-5066 


NOPOSTAGt 
NiCfSMNV 
ir  MAILCO 
IN  THi 

UNITED  STATES 


